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Highly Pathogenic Avian Influenza
A(H5N6) Virus Clade 2.3.4.4h
in Wild Birds and Live Poultry
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Jasmine C.M. Turner, Subrata Barman, Mohammed M. Feeroz, M. Kamrul Hasan,
Sharmin Akhtar, Trushar Jeevan, David Walker, John Franks, Patrick Seiler, Nabanita Mukherjee,
Lisa Kercher, Pamela McKenzie, Tommy Lam, Rabeh EI-Shesheny, Richard J. Webby

Migratory birds play a major role in spreading influenza
viruses over long distances. We report highly pathogenic
avian influenza A(H5NG) viruses in migratory and resi-
dent ducks in Bangladesh. The viruses were genetically
similar to viruses detected in wild birds in China and
Mongolia, suggesting migration-associated dissemina-
tion of these zoonotic pathogens.

Highly pathogenic avian influenza (HPAI) A(H5)
viruses were identified in 1996 in a goose from
Guangdong, China, and the evolution of the hemag-
glutinins (HAs) of these A/goose/Guangdong/1/96
(Gs/GD) lineage viruses has given rise to multiple
genetically distinct phylogenetic clades (1). The emer-
gence of HA clade 2.3.4.4 viruses was associated with
several different virus subtypes, including H5NG6 (2).
As of March 2021, a total of 29 laboratory-confirmed
human cases of H5N6 viruses have been reported
from China, and 9 patients have died (3). Clade 2.3.4.4
H5NG6 viruses have subsequently evolved, requiring
further clade designations. Clade 2.3.4.4h viruses are
found in China, Laos, and Vietnam (4). In December
2019 and January 2020, 2.3.4.4 H5N6 viruses were iso-
lated from dead migratory whooper swans (Cygnus
cygnus) and mute swans (Cygnus olor) in Xinjiang,
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western China (5). In April 2021, the same virus was
detected in migratory birds in Mongolia (6).

In Bangladesh, HPAI A(H5) viruses have been in
circulation since 2008; the predominant clades found
are 2.2.2 and 2.3.2.1a. HPAI A(H5N6) clade 2.3.4.4b
viruses were identified in domestic poultry in Bangla-
desh in 2016 (7,8). Although the viruses were detected
in live poultry markets (LPMs), they did not replace
the H5N1 viruses in circulation, and as of April 2021,
there have been no more reports of H5N6 virus de-
tection (9,10). We report a new introduction of clade
2.3.4.4.h viruses that are similar to viruses detected in
China (Xinjiang) and Mongolia (5,6), suggesting that
migratory birds of the Central Asian flyway intro-
duced this virus into Bangladesh.

The Study

Since 2015, our active surveillance in Bangladesh has
been ongoing in both LPMs and Tanguar Haor, a
wetlands area where local domestic ducks are reared
and where birds winter during the migratory season
(Appendix, Table 1, https://wwwnc.cdc.gov/EID/
article/27/9/21-0819-Appl.pdf). We collected H5N6
virus-positive oropharyngeal and cloacal swabs from
2 apparently healthy wild birds in Baghmara, Tan-
guar Haor: a ferruginous duck on January 19, 2020,
and a common pochard on January 20, 2020. We also
obtained positive fecal samples from wild mallard
ducks on January 26, 2020, in Puran Gao, Tanguar
Haor. The next day, we obtained positive oropha-
ryngeal and cloacal swabs from apparently healthy
Khaki Campbell ducks located on various farms in
Golabari, Tanguar Haor (Appendix Table 1). On Feb-
ruary 18, 2020, =3 weeks after detection of HSN6 virus
in Tanguar Haor, an apparently healthy mallard duck
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located in a Dhaka LPM was also found to be infected
with H5N6. Surveillance conducted on February 22,
2020, on various farms in Chitergao, Tanguar Haor,
revealed an additional 24 more apparently healthy
Khaki Campbell ducks infected with H5NG6 virus.
During our surveillance study, we identified a total of
40 domestic and wild birds infected with H5N6 virus
clade 2.3.4.4h during January-February 2020 (Appen-
dix Table 1).

We determined the complete genome sequenc-
es of the 40 HPAI A(H5NG6) viruses. The sequence
similarity between viruses was 99.4%-100%. As a
representative virus, A/Ferruginous duck/Ban-
gladesh/42380/2020 (H5N6) had a high nucleotide
identity (99.6%-99.9%) to the HPAI A(H5N6) viruses
of clade 2.3.4.4h from China (Xinjiang, January 2020)
and Mongolia (April 2020) (Table).

An outbreak of H5N6 virus clade 2.3.4.4h in
whooper swans in China (Xinjiang) and Mongolia
in early 2020 suggested potential further distribu-
tion of these viruses across Asia, especially to areas
where poultry is raised along the migration routes
of wild birds. We combined genome sequences gen-
erated in this study with all sequences of H5N6 vi-
ruses available in GenBank and the GISAID data-
base (11). Phylogenetic analysis confirmed that the
Bangladeshi A(H5N®6) isolates are of clade 2.3.4.4h
and clustered with the recent HPAIV A(H5N®6) iso-
lates from whooper swans in Xinjiang, western Chi-
na and in Mongolia (Figure 1, https://wwwnc.cdc.
gov/EID/article/27/9/21-0819-F1.htm). The time
of most recent common ancestry for HPAI A(H5NG6)
viruses (Figure 2, https://wwwnc.cdc.gov/EID/
article/27/9/21-0819-F2.htm) suggests that the vi-
ruses from China, Mongolia, and Bangladesh share

Avian Influenza A(H5NG), Bangladesh

a common ancestor of unknown origin that emerged
around mid-2019.

The phylogenetic clustering observed for the H5
gene was also conserved for the remaining 7 genes;
the viruses from Bangladesh, China, and Mongolia
were of the same genotype, with no evidence of re-
assortment (Appendix Figure). The A(H5N6) viruses
from Bangladesh shared genetic features with their
homologs from China, including an HA cleavage
site, PLRERRRKR/G, which is characteristic of high
pathogenicity in chickens (Appendix Table 2). We
also found an amino acid deletion at position 133 in
the HA protein (H3 numbering) in all our isolates, a
feature common with clade 2.3.4.4.h isolated from hu-
mans (Appendix Table 2) and associated with altera-
tion of the H5 HA receptor binding pocket (12). Dele-
tions were also present in both neuraminidase (NA)
(an 11-aa deletion in the stalk region) and nonstruc-
tural protein 1 (NS1) (deletion from residues 80-84;
Appendix Table 2), which are associated with high
pathogenicity in avian hosts (13). Postinfection ferret
antisera raised to A/duck/Bangladesh/43127/2020
(H5N6) reacted to the World Health Organiza-
tion’s candidate clade 2.3.4.4h vaccine virus, A/
Guangdong/185F020/2018 and, as expected, to all
Bangladesh H5N6 viruses tested (Appendix Table 3).

Migratory birds are key in the evolution, main-
tenance, and spread of avian influenza viruses. We
have previously identified viruses in LPMs after their
detection in wild birds and domestic ducks in Tan-
guar Haor (8,14,15). Similarly, detection of the H5N6
virus in an LPM after detection in Tanguar Haor high-
lights the continuum of migratory birds of the Central
Asian flyway and domestic ducks in Tanguar Haor as
vectors for viral movement at the wild bird-poultry

Table. Nucleotide sequence identities between the A/Ferruginous duck/Bangladesh/42380/2020 (H5N6) virus from Bangladesh and

nearest virus homologs*

Gene GenBank accession no. Virus % |dentity
PB2 MT872369.1 A/Whooper swan/Mongolia/25/2020 (H5N6) 99.83
MW108029.11 Al/duck/Hunan/1.12_YYGK74H3-0OC/2018 (H5N6) 98.65
PB1 MT872369.1 A/Whooper swan/Mongolia/25/2020 (H5N6) 99.87
MW104086.1 Alchicken/Guangdong/7.20_DGCP022-0/2017 (H5N6) 99.04
PA EPI_ISL_418181 A/Whooper swan/Xinjiang/13/2020 (A/H5N6) 99.9
EPI_ISL_340825 A/Env/Guangdong/Jieyang/C18289059/2018(H5N6) 99.5
HA EPI_ISL_418175 A/Whooper swan/Xinjiang/7/2020 (A/H5N6) 99.8
EPI_ISL_340844 A/Env/Guangdong/C17285752/QY/2017 (H5N6G) 98.9
NP MT872369.1 A/Whooper swan/Mongolia/25/2020 (A/H5N6) 99.65
MW108029.1 Al/duck/Hunan/1.12_YYGK74H3-OC/2018 (H5N6) 99.64
NA EPI_ISL_418181 A/Whooper swan/Xinjiang/13/2020 (A/H5N6) 99.9
MW108138.1 Alduck/Hunan/11.30_YYGK63E3-OC/2017 (H5N6) 99.36
M MT872369.1 A/Whooper swan/Mongolia/25/2020 (H5N6) 99.6
EPI_ISL_340825 A/Env/Guangdong/Jieyang/C18289059/2018 (H5N6) 99.9
NS EPI_ISL_418181 A/Whooper swan/Xinjiang/13/2020 (A/H5N6) 99.9
MW108029.1 Al/duck/Hunan/1.12_YYGK74H3-0OC/2018 (H5N6) 99.29

*HA, hemagglutinin; MP, matrix protein; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural protein; PA, acidic polymerase; PB1, basic polymerase

1; PB2, basic polymerase 2.

tNearest virus homologs to A/Ferruginous duck/Bangladesh/42380/2020 (H5N6) excluding the H5N6 viruses from China (Xinjiang), and Mongolia.
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interface. We also detected a duck that was co-infect-
ed with A/duck/Bangladesh/44500/2020 (H10N7)
and A/duck/Bangladesh/44500/2020 (H5NG6), rais-
ing the possibility of reassortment and highlighting
the potential effect of this genetic diversification.

Conclusions

We have identified HPAIV A(H5N6) viruses from
migratory birds, domestic duck farms, and LPMs
in Bangladesh at a similar time to their detection in
China and Mongolia. The wider distribution of this
group of viruses with documented zoonotic potential
is cause for considerable public health concern. Moni-
toring for their establishment in South Central Asia
must be intensified.
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Highly Pathogenic Avian Influenza A(HSNG)
Virus Clade 2.3.4.4h in Wild Birds and Live
Poultry Markets, Bangladesh

Appendix

Methods

Isolation of A(H5N6) from Live Poultry Markets and Wild Birds, Bangladesh

Sample Collection

During the wild bird migratory season (December 2019-March 2020), we collected 1,000
samples monthly from free-range farm ducks (500) and wild birds (500) in Tanguar Haor,
Bangladesh. In December 2019 and February 2020, we collected 160 poultry samples in live
poultry markets (LPMs) in or near Dhaka. Samples collected from LPMs in or near Dhaka,
(oropharyngeal, cloacal, and water samples) were obtained primarily from ducks, chickens, and
quail. We also collected domestic duck samples from various farms in Tanguar Haor. In addition
to the duck samples, we collected fecal samples and, on several occasions, oropharyngeal and
cloacal samples from various species of wild birds within the Tanguar Haor area. Samples were
stored at ~4°C in the field and moved to liquid nitrogen within 1 week of collection. Samples
were shipped on a routine basis to the biosafety level-3 facilities of St. Jude Children’s Research

Hospital (Memphis, TN, USA).

Sample Screening and Virus Isolation

We screened all samples for influenza by rRT-PCR for the presence of the matrix gene .
All matrix gene positive samples from LPMs were subsequently screened for HS; all matrix gene
positive samples from Tanguar Haor were inoculated in 10-day old embryonated chicken eggs
for isolation. We chosen samples from LPMs for virus isolation on the basis of selection criteria

that included date of collection, host species, market location, and rRT-PCR cycle threshold (Ct)
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values for both matrix gene and/or H5. Swabs from which virus isolates were obtained were

subtyped, as described previously (7,2).

Deep Amplicon Sequencing and Genetic Analysis

We extracted viral RNA using an RNeasy kit (QIAGEN, https://www.qiagen.com); we
then performed conventional 2-step RT-PCR using a SuperScript IV first-strand synthesis kit
(Invitrogen, https://www.thermofisher.com) with the Unil2 influenza primer. Multiplex PCR of
all 8 gene segments was conducted by using Phusion high-fidelity DNA polymerase (New
England Biolabs, https://www.neb.com) with the Unil12/13 primers. We purified PCR products
using [llustra GFX PCR DNA and gel band purification kit (GE Healthcare,
https://www.gehealthcare.com). DNA libraries were prepared by the staff of the Hartwell Center
at St. Jude Children’s Research Hospital by using NEXTera XT DNA-Seq library preparation
kits (Illumina, https://www.illumina.com) according to the manufacturer’s instructions. Pooled
libraries were sequenced with an Illumina MiSeq personal genome sequencer by 150-bp paired-
end reads. CLC Genomics Workbench, version 20 (CLC Bio, QIAGEN), was used to analyze
and process the sequencing reads. DNA Lasergene 15 and BioEdit7.0 (3) were used for multiple
sequence alignment and genomic signature analysis using the Clustal W algorithm (4). MEGA 7
was used for the phylogenetic tree reconstruction by applying the neighbor-joining method with

Kimura’s two-parameter distance model and 1,000 bootstrap replicates (3).

Antigenic Characterization

We used hemagglutination inhibition (HI) assay to antigenically characterize the viruses.
The panel of antisera used in the HI assay included representatives from the currently circulating
genetic sublineages of clade 2.3.3.4. The antiserum against A/duck/Bangladesh/43127/2020
(H5NG6) was generated for this study. In brief, ferrets were intranasally infected with 1 mL of 10°
EID50/mL viruses and then boosted after 3 weeks by intramuscular injection of virus with
adjuvant. We collected blood 1 week later for serum isolation. The HI test was performed

according to World Health Organization protocols (6).
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Appendix Table 1. Summary of surveillance of HPAI A(H5NB) viruses isolated from the Tanguar Haor region and live poultry
markets, Bangladesh, 2020

Sample No. No.
Collection collection samples isolates
period location collected Isolate host (species) obtained GenBank accession nos.
Jan 18-20 Tangua Haor 15 Ferruginous duck 2 MW466111-7, MW466362—-8, MW467515, MW467527
wetlands* (Aythya nyroca);

common pochard
(Aythya ferina)

Jan 26-27 Tangua Haor 485 Mallard duck (Anas 2 MW465993-9, MW466070-3, MW467526
wetlands* platyrhynchos)

Jan 27-28 Tangua Haor 500 Domestic duck (Anas 11 MW466048-54, MW466090—-6, MW466104—-10,
duck farmt sp.) MW46615218-24, MW466238—44, MW466252-8,

MW466274-80, MW466297-303, MW466355-61,
MW466392-8, MW467517, MW467518, MW467520—
2, MW467529-31, MW467534, and MW467537

Feb 17-19 Live bird 160 Domestic duck (Anas 1 MW466151-7, MW467514
market sp.)
Feb 20-22 Tangua Haor 500 Domestic duck (Anas 24 MW749019-31, MW749033-9, MW749063-123,
duck farmt sp.) MW749132-79, MW749188-94, MW749718-24,

MW749733-9, MW749748, MW749751, MW749756,
MW749757, MW749759, MW749782-7, MW751428,
MW751429, MW751433-5, MW751437, MW751440,
MW751442-4, MW751447, MW751448, MW751450-5

Total 1,660 40

*14 different locations in the wetlands region where fecal samples from migratory birds were collected.

119 different farms where oropharyngeal and cloacal samples were collected from domestic ducks.
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Appendix Table 2. Comparison of amino acid sequences of H10 AlVs isolated from wild birds and live poultry markets, Bangladesh

PB2 PB1-F2 HA NA M2 NS

HA del. Receptor binding Stalk NS del. PDZz
Viruses E627K D701N K482R Expression Cleavage site 133*  E190D N193K Q226L G228S S227N/R  E119Dt H274Y R292K del.  S31N 80-84 P42S D92E motif
A/Ferruginous E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
duck/Bangladesh/42380/2020
A/Common E D R No RERRRKR|G Yes E S Q G R E H R Yes S Yes S E ESEV
pochard/Bangladesh/42386/2020
Alenvironment/Bangladesh/42410/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Alenvironment/Bangladesh/42416/2020 NA NA NA NA RERRRKR |G Yes E S Q G R E H R Yes S Yes NA NA NA
A/duck/Bangladesh/43050/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/43082/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/43099/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/43119/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/43120/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/43122/2020 E D K No RERRRKR|G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/43123/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/43127/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/43128/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/43129/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/43527/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44417/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44418/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/44423/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44424/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44430/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/44432/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes NA NA NA
Al/duck/Bangladesh/44433/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44434/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes NA NA NA
A/duck/Bangladesh/44440/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44442/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes NA NA NA
Al/duck/Bangladesh/44447/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/44448/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44453/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44456/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/44469/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44471/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44477/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/duck/Bangladesh/44484/2020 NA NA NA NA RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44500/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes NA NA NA
Al/duck/Bangladesh/44502/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44504/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44508/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44523/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
Al/duck/Bangladesh/44522/2020 E D K No RERRRKR |G Yes E S Q G R E H R Yes S Yes S E ESEV
A/Guangxi/31906/2018% K D K No RERRRKR|G Yes E D Q G R E H R Yes S Yes S E ESEV
AlJiangsu/32888/2018% E D K No RERRRKR |G Yes E K Q G G E H R Yes S Yes S E ESEI
A/Guangxi/32797/2018% K D K No RERRRKR |G Yes E D Q G H E H R Yes S Yes S E ESEV
A/Guangdong/18SF020/2018-09-30% \Y D K No RERRRKR |G Yes E D Q G R E H R Yes S Yes S E ESEV
A/Chongqing/00013/2021% E D K No RERRRKR |G Yes E \Y Q G R E H R Yes S Yes S E KSEV
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PB2 PB1-F2 HA NA M2 NS

HA del. Receptor binding Stalk NS del. PDZ
Viruses E627K D701N K482R Expression Cleavage site 133*  E190D N193K Q226L G228S S227N/R  E119Dt H274Y R292K del. S31N 80-84 P42S D92E motif
A/Anhui/2021-00011/2020% E D K No RERRRKR|G Yes E D Q G R E H R Yes S Yes S E KSEV

*H3 numbering.
N2 numbering.
I Human isolates of HPAI A(H5N6) clade 2.3.4.4h.

Appendix Table 3. Hemagglutination inhibition assay of HPAI A(H5N6) viruses clade 2.3.4.4h from Bangladesh

Polyclonal antibodies™

Alchicken/ A/Northern
Al/gyrfalcon/ A/Hubei/ A/duck/  Vietnam/NCV A/duck/ pintail/
A/Sichuan/  A/Fujian-Sanyuan/  Washington/ 29578/ Hyogo/1/ D-15A59/ Bangladesh/  Washington/
Antigen Subtype Clade 26221/2014 21099/2017 41088-6/2014 2016 2016 yogo 2015 15A59  43127/2020%f  40964/2014
Reference antigen
A/Sichuan/26221/2014 EPI_ISL_163493t1 H5N6 2.3.4.4a 160 80 160 <10 320 20 20 1280
A/Fujian-Sanyuan/21099/2017 x PR8 (CNIC-21099) EPI_ISL_341294 H5N6 2.3.4.4b 80 80 160 <10 160 10 10 1280
Algyrfalcon/Washington/41088-6/2014 EPI_ISL_173878 H5N8 2.34.4c 160 80 160 <10 160 10 10 1280
A/Hubei/29578/2016 x PR8 (CNIC-HB29578) EPI_ISL_341293 H5N6 2.3.4.4d <10 <10 <10 80 <10 <10 20 <10
A/duck/Hyogo/1/2016 EPI_ISL_239351 H5N6 2.3.4.4e 160 80 160 <10 320 10 20 1280
Alchicken/Vietnam/NCVD-15A59/2015 EPI_ISL_244518 H5N6 2.3.4.4f 40 20 80 <10 320 40 10 640
Al/duck/Bangladesh/43127/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 40 <10
A/Northern pintail/Washington/40964/2014 EPI_ISL_173877 H5N2 2344 80 40 80 <10 160 10 10 640
A/Guangdong/18SF020/2018 EPI_ISL_337274 H5N6 2.3.4.4h <10 <10 <10 10 <10 <10 80 <10
Test antigen
Al/duck/Bangladesh/43129/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 160 <10
A/Common pochard/Bangladesh/42386/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 40 <10
Alenvironment/Bangladesh/42410/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 80 <10
Al/duck/Bangladesh/44424/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 40 <10
Al/duck/Bangladesh/44434/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 40 <10
A/duck/Bangladesh/44469/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 80 <10
Al/duck/Bangladesh/44477/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 40 <10
Al/duck/Bangladesh/44484/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 160 <10
A/duck/Bangladesh/44502/2020 H5N6 2.3.4.4h <10 <10 <10 <10 <10 <10 40 <10

*Polyclonal antibodies were produced in the ferret. Homologous titers are in bold.
1GISAID accession number.
3The antiserum against A/duck/Bangladesh/43127/2020 (H5N6) was generated for this study.
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r Alduck/Bangladesh/d4469/2020
Alduck/Bangladesh/44523/2020
Afduck/Bangladesh/44500/2020
Alduck/Bangladesh/44440/2020
Afduck/Bangladesh/d4418/2020
Alduck/Bangladesh/d3122/2020
Aiduck/Bangladesh/d3127/2020
Alduck/Bangladesh/d4423/2020
Alduck/Bangladesh/d4442/2020
[ Alduck/Bangladesh/43082/2020
Afduck/Bangladesh/44502/2020
Alduck/Bangladesh/43099/2020
Afduck/Bangladesh/d4417/2020
Alduck/Bengladesh/d4432/2020
Aduck/Bangladesh/d4477/2020
Alduck/Bangladesh/d4447/2020
- Alduck/Bangladesh/dd453/2020
Alduck/Bangladesh/d3129/2020
Afduck/Bangladesh/44430/2020
Alduck/Bangladesh/44471/2020
Alduck/Bangladesh/dd433/2020
h Alduck/Bangladesh/44434/2020
64 A/duckiBangladesh/d4504/2020
Aiduck/Bangladesh/d3128/2020
Afduck/Bangladesh/dd424/2020
Alduck/Bengladesh/44456/2020
Alduck/Bangladesh/44508/2020
Alduck/Bangladesh/44522/2020
I A/duckiBangladeshid3050/2020
h Alduck/Bangladesh/d3119/2020
Alduck/Bangladesh/d3120/2020
I AlduckiBangladesh/d3123/2020
L A/duck/Bangladeshidd448/2020
AfFerruginous_duckiBangladesh/d2380/2020
Alduck/Bangladesh/d3527/2020
A/Common_pochard/Bangladesh/42386/2020
_swan/Mongolia/24/2020
swanMongolial25/2020
tBangladesh/d2410/2020
AWhooper_swan/Xinjiang/1/2020
AfMhooper_swaniXinjian g/2/2020
AMute_swan/Xinjiang/4/2020
AMute_swan/Xinjiang/5/2020
AWhooper_swan/Xinjian g/6/2020
45 AMWhooper_swan/Xinjian g/7/2020
AWhooper_swan/Xinjian 9/8/2020
AMhooper_swan/Xinjian g/3/2020
Ahooper_swan/Xinjian 3/10/2020
AfWhooper_swan/Xinjiang/11/2020
AMhooper_swan/Xinjian g/12/2020
% AlWhooper_swan/Xinjiang/3/2020
AMhooper_swan/Xinjian 9/13/2020
N.Amgsunzseal 018
AIGuangxif31906/2018
A/Guangxil32797/2018
AfGuangdong/185F020/2018-09-30
Alchicken/MNghe_An/02VTC/2018
A/Chongqing/00013/2021
A/ANhuif2021-00011/2020

o
o

-
=

@
iz ]

NEIWIGUMQOO(IWFOSJIMICWZ?SOOZMZN&M 08
AEnviGuangdong/EN17275405/F SH/2017-10-18
AEnviGuangdong/zhongshan/C172870590/2017-11-28
AiChicken/Suzhou/j1/2019

AfChicken/Yunnan/Y N-10/2015__(HSNE)
Almuscovy_duck/Vietnam/LBM754/2014
9 NducldGumgﬂono’% 26_DGCP078-0/2015(HSNG)
Nw:wGumgdongwa ,_DGCPLBO0T-P/2015(H5NS)
A/Guangx/55726/2016
AfOstrich/Guangxi/GX-1/2017__(HSNE)
99 ¢ Afquail/Vietnam/CVVI1-03/2015

AQual/GuangdlGX-2/2017__{HSNE)
A/EnviGuangdong/zhongshan/C182870028/2018-01-15
A gooselGuangdong/0d.22_DGCP 117-0/2015{HSNG)
Afblack_headed_gullibarakii258T/2016
AdchickenKumamolo/1-7T/2016

96,71 Almute_swanfibarakii242T12016(2)
G q AlduckiorealH81/2017
AlchickenKagawa/1C-112018

_duck/KoreaH119-3/2017
2382018

Alchicken/KoreaH
Alfjungle_crowHyogo/2803A002/2018
57! Aldungle_ cleyogolmaEUZGleow
Environment/Fujian/28681/2016
29) A/Chicken/Jiangxil45093/2016
44 [| r Atchicken/Jiangxif04.01_NCJD0010-0/2015(H5N6)
Alchicken/Jiangxi/04.01__ NCNPO065-Z-O/2015(HSNG)
A/Chicken/Jiangxii45153/2016

5

AEnvironment/Jiangxif25004/2014
Aenvironment/Jiangxif02.1 O_N CDZTO092015(HSNG)
& T AfBiraeRertands/ 17017 775»035»039120
NBIeck-headed GullNetherland:

5/29/201
L alpochard_duci/England/AVP_18 00325412019
AdduckiBangladesh/19D770/2017
19082072017

2 Alduck/Bangladeshi 190857/2017

2 Alduck/Bangladesh/19D853/2017

5 |[! argooserBangladeshi19D855/2017

66 || /duck/Bangladesh/190851/2017

70 [ AlduckiBangladesh/ 190849/2017

Jo Alduck/Bangladesh/190852/2017

AiduckiHunan/12.07__YYGK111-P/2013(H5NE)
99 — ArShovellerNingxia/d75-11/2015

NEmlrmmUCbmpqmgMSEWSIZmS

AturtiedoveMiuhan/WHBJ26/2014

AJET 1512014

AlduckWWuhan/WHY F03/2015
AEnvironment/Chongqing/99166/2014

99 - AlduckMunan/12.17_YY GK040/2014(HSNG)

Afduck/Hunan/12.17_YYFQHO0018-Z-P/2014(HSN8)

Almuscovy/duck/Hunan/148/2014

AlgooseHunan/110/2014

AlduckiHunan/HNT74/2015

8

81
86
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r A/duck/Bangladesh/43050:2020
AlduckiBangladesh/44456/2020
Ndldd’BangadasthdI!Dﬂm
AlduckiBangladesh/4309%2020
AduckiBangladesh/d4417/2020
AlduckiBangladesh/d44440V2020
I Alduck/Bangladesh/4443%2020
AlduckiBangladesh/44484/2020
AduckBangladesh/43128/2020
AlduckiBangladesh/4443412020
- Alduck/Bangladesh/a4447/2020
AlduckiBangladesh/44477/2020
AlduckiBangladesh/43119/2020
AlduckiBangladesh/44424/2020
AlduckiBangladesh/44469/2020
o9 | A/duckiBangladesh/44500:2020
—|| Alduck/Bangladesh/44508/2020

Alduck/Bangadesh/44504/2020
AlduckBangladesh/43082/2020
AlduckBangladesh/44418/2020
- Alduck/Bangladesh/431242020
AlduckiBangladesh/4445%2020
AlduckiBangladesh/43122/2020
63| | AduckBangladeshvadasarzozn
Alducl desh/43123/20
I Alduck/Bangladesh/431 271‘2020
AlduckBangladesh/43120/2020
AduckBangladesh/44430/2020

'y

— Alenvironment/Bangladesh/424 10/2020

salr AlWhooper swanMongolia’24/2020
AMVhocper swan/Mongolia/25/2020

1 NCcmmon pocnamfsmgmesnmma'zozo

2L AdickBangladeshid3527/2020
AWhooper njiang/1/2020

AWhooper swam')ﬁnjnan 020
AlMute swan/Xinjiang/d
NWtemnjlmgtmom
AWhooper swan/Xinjieng/6/2020
AWhooper swanXanjieng/7/2020
AlWhooper smnmm!englaggﬁ

AWhooper
AtvaJGuangdmgFomwc1azvsooz4fzme-oms
Ncnmnr&:mounm 19

734 AEmv/Guangdeng/EN S405FSH2017-10:18
52 €0 A’EmlGuangdmg’ﬂlongshWCﬂRmmmﬂ 11-28
< | A/Chongqing/00013/2021
A/Anhuif2021-00011/2020
9 —Nngwtsza&@%ms
Alchi Anf02VTCi2018

cken/Nghe
b AlGuangxi/32797/2018
e angdeng
) Neuangamwsst:ozorzm&osao
61 22DGCP117-0/2015(H5N6)

Nmusowyﬂ.tdd’\hetnmﬂ.BM?Sdﬂ 14
AlquailiVietnam/CVWWI-03/2015
AlqualVietnam/CWI-01/2015
Alduck/Guangdong/03 2GDGCP07$012015(H5N3]
AlduckiGuangdong/03. 26 DGCPL Pr2015(HSNG)
Ammadwdmmwamm

0/99166/2014
icken/Yunnan/Y N-10/2015 (HSN6)
Naxwuunmm 07YYGK111-P12012(H3NE)

9 A&wenerfunmam'ls-wzms
" Anvin VChongqing/d53732015

23 574 Ngoose/Hunanl11Dl2014
AlduckiHunen/HN742015
2 Almuscovy/duck/Hunan/148/2014
AlduckHunan/12.17Y YFQHO018-Z-P120 14(H5NE)
% 9 AlduckHunan/02 26Y YFQHY 291-P/2014(H5NG)
) Alduck/MHunan/12.17YYGKO4W 20 14{HSN6)
[: AduckiHunen/02. 25 YY GK283-P/2014(HSNE)
) AE & 02992014
Alenvironment/SichuenMNCLL1/2014
] AEnvircment/Chongqing/72096/2014
63 1 - AlduckiSichuani04.27 NBXJT17/2014(HSNG)
Alpigeon/Sichuan/04.27NBXJ7432014(HSNG)
35 Afmxm.nmwoaomuooomomwmmsa
61 L Ajchicken/Jiangxy04.01NCNPO0B5-Z-O/2015(H5NG,
g [ L A/Environment/Jengxi/2500412014
AlenvironmentJiangx/02. 10NCDZ T009/20 15(HSN6)

< AChicken/denga/4500242016
o7 AJChicken/Jiangx¥45153/2016
ﬁ AEnvironmentFujian/28681/2016
go| Amute swa baraki/242T/2016
A/mute swanfbaraki242T/2016(2)
Alchicken/Nha Tran NT3:"2017
Alchicken/Kumamoto/1- 7T

kahmdqlmbmwﬂﬂ15
99 AlchickenMiyagy1-5T/2017
AENV/G e 182870028/2018-01-15
L - AQUAIGUNGIGX 2017 (6]
99 — AIGuangx55726/2016
NOsmch!GuangxanX-ﬂzOﬂ (H5NE)

@ Alchicken/Japan/AQ-HE 144/
) AEnwmnmmlIGumgxmsea'zmS
657 chwsa-gladeswgoeaqzorr
AdickBangiadesh/1908522017
42 Naucwsangadesmeoesmn
96 | ; AVduck/Bangladesh/190857/2017
) NgoosefBangladeshﬁSDBSSl?Oﬂ
P 1908522017
AlducigBangladesh/ 1907702017

33— Amandarin duckioreaH119-3/2017
o) Alchicken/Kagawa/1C-1/2018
Alduckfi<oreaH8 112017
o6 |- AlpochardduckEngland/AVP 1800325412018
ABirdNetherlands17017775-035- 0392017
8L AfBtack-headed GullNethertands/20/20
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Ajduck/Bangladesh/44477/2020
F A/duck/Bangladesh/44508/2020
A/duck/Bangladesh/44447/2020
A/duck/Bangladesh/44417/2020
Asduck/Bangladesh/44440/2020
t Afduck/Bangladesh/44430/2020
A/duck/Bangladesh/4447 1/2020
A/duck/Bangladesh/44434/2020
33|A/duck/Bangladesh/44456/2020
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Asduck/Bangladesh/44502/2020
A/duck/Bangladesh/44418/2020
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A/duckBangladesh/4 3050/2020
Afduck/Bangladesh/43082/2020
72 || Arduck/Bangladesh/4 3099/2020
ﬁNdchBangladeshmm 22/2020

&

Afduck/Bangladesh/43128/2020

59 ArduckBangladesh/43129/2020
Afduck/Bangladesh/43119/2020

Afduck/Bangladesh/43120/2020

H Afduck/Bangladesh/43123/2020

Afduck/Bangladesh/43127/2020

- A/duck/Bangladesh/43527/2020

I Afenvironment/Bangladesh/42410/2020

—AMhooper swan/Xinjiang/3/2020

_I:A-Mmoper swanMongolia/24/2020

Whooper swanMongolia/25/2020

AfFerruginous  duck/Bangladesh/4 2380/2020

@» AfVhooper swan/Xinjiang/1/2020

——— [AMhooper swan/Xinjiang/2/2020

AMute swan/Xinjiang/4/2020

AMute swarv/Xinjiang/5/2020

AMNhooper swan/Xinjiang/6/2020

A/Whooper swan/Xinjiang/7/2020

8l | AMhooper swan/Xinjiang/8/2020
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AWhooper swan/Xinjiang/11/2020

AMvhooper swanmqlanyiz,ﬂzozo
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\—A/Common pochard/Bangladesh/42386/2020

E’Eﬂv/Guaﬂgdong‘zhungsharﬂ C172870590/2017-11-28
£ A/Chicken/Suzhoufj1/2019
— NEerGungmg‘Fosha'lfCBZ;é’ﬂmﬂ?m 80109

St
AlGuangdong/18SF020/2018-09-30
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NEnwmmen!IChmgqmgIQmme
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ﬁgg.ch'HunalH 2 OTWGK 111 PI2013(H5N
1
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|2
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14

AET 7
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63 AlduckiSichuan/04 27TNBXCIT17/2014(H5NG)
Aenvironment/Sichuan/NCLL 1/2014
88 L Arpigeon/Sichuan/04 27 NBX.J743/2014(H5NE)
AlJiangsw/328882018

625

Achicken/Kumamoto/1-7T/2016

el

67
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9 AlduckioreaH81/2017
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&
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& 86 | arduck/Bangladesh/19D770/2017
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Adchicken/Jang«i/04 01 NCJD0010-0/2015(H5N6)

0.01

Alchicken/Jiangxi/04.01 NCNPO065-Z-Of2015(H5NE)
= AEnvironment/Jiangxil 25004/2014
a1 Adenvironment/ iang:d/02. 10 NCDZTO09/2015(H5NE)

Page 9 of 13



Alduck/Bangladesh/d44502/2020
87 | Avduck/Bangladesh/44523/2020
Alduck/Bangladesh/44477/2020
Afduck/Bangladesh/d4471/2020
AJduck/Bangladesh/44469/2020
Alduck/Bangladesh/44434/2020
Alduck/Bangladesh/43129/2020
A/duck/Bangladesh/43050/2020
Alduck/Bangladesh/44442/2020
- AMhooper swan/Mongolia/25/2020
Alduck/Bangladesh/44418/2020
Alduck/Bangladesh/43099/2020
Alduck/Bangladesh/43123/2020
A/duck/Bangladesh/44430/2020
Alduck/Bangladesh/44456/2020
— AfVhooper swarn/Mongolia/24/2020
— Afenvironment/Bangladesh/424 10/2020
Alduck/Bangladesh/44484/2020
A/duck/Bangladesh/i44432/2020
A/duck/Bangladesh/43127/2020
Alduck/Bangladesh/43082/2020
Afduck/Bangladesh/44417/2020
Alduck/Bangladesh/44440/2020
- A/duck/Bangladesh/44522/2020
Alenvironment/Bangladesh/424 16/2020
AJduck/Bangladesh/43128/2020
Alduck/Bangladesh/44433/2020
|- A/duck/Bangladesh/44508/2020
AJ/duck/Bangladesh/i43122/2020
A/duck/Bangladesh/44424/2020
Nducleang\adeshtM453/2020
‘duck/Bangladesh/43118/2020
NduckJBang\adesnmm 20/2020
R duck/Bangladesh/44423/2020
Nduck!Bang\adesthMT/ZDzU
40 || Asduck/Bangladesh/44504/2020
M~ A/duck/Bangladesh/44448/2020
A/vhooper swan/Xinjiang/3/2020
AfMWhooper swan/Xinjiang/1/2020
A/Whooper swan/Xinjiang/2/2020
AMute swarl/)(lnjlang/4.'2020
B | | AMute swan/Xinjiang/5/2020
AMWhooper swan/Xinjiang/6/2020
100 A/Whooper swan/Xinjiang/7/2020
&6 | AWhooper swan/Xinjiang/8/2020
AfWhooper swan/Xinjiang/9/2020
AMvhooper swan/Xinjiang/10/2020
AMhooper swan/Xinjiang/1 1/2020
AMWhooper swan/Xinjiang/12/2020
AMWhooper swan/Xinjiang/13/2020
_ENFarruginuus duck/Bangladesh/42380/2020
Afduck/Bangladesh/43527/2020
E A/Common  pochard/Bangladeshv42386/2020

i

42
AlJiangsu/32888/2018

AEnv/Guan tz}gfzhongshanfm 72870590/2017-11-28
65 | AlChicken/ Suzl

82 NEnvquangdong‘FoshmlC182753024‘201&01 09
Adchicken/Nghe An/02VTC/2018

33 A/Guangxi/31906/2018
AiGuangdong/18SF020/2018-09-30
A/Chongging/00013/2021
100 AJANhui/2021-00011/2020

Alchicken/Japan/AQ-HE 1442015
Myagit1-5T/2017
AQuall/Guangxi/GX-2/2017 (HINB]
AlOsn'ichlGuang(VGx-ilm‘ITtHSNG)
g/ /C182870028/2018-01-15

85

Afmute swanilbaraki/242T/. 201 6(2)
Afblackheaded quliibarald/258T/2016
Alch |d<sanuman'olol +TTI2016

AlgooselJiangxif01| DQNFJ){-15-0112015(M\xed)
Alduck/Hunan/HNT4/2015

AlduddHunan/12.17 YYFQH0018-Z-P/2014(HSNG)
Almuscovy duck/Vietnam/LBM754/2014
AlGuangxi/55726/2016
NChickmNunnaanN.WZmS(HSNS)
A/Environment/Guangx/44389/2015
clkHunan/12.07YY GK111-P201 (H5NE)

100 37 [

NEnwrmmsm.'O-nmgqnng 66/2014

99 | AEnvironment/Jianga/ 25004/2014

Aenvironmentl.Jian axil02 10 NCDZTO02/2015(H5NE)

A/Shoveller/Ningxiafd75-11/2015
vironmenﬂOﬂonoqingMSS?GlZMS

NmmaduveMl.lhanNVI-i

duck/WWuhan/WHYF03/20
NE\'Nlronmerll.'Hul:en’SSCOS'ZOM
AlquailVietnam/CVVI-03/2015
Alquail/Vietnam/CVVI-01/2015

(HONE)
AJduckiHunan/02 26 YYFQHY 261-PI2014(H5N6)
AdduckiHunan/12.17 YYGKO40r20 14(H5NE)
100 Nduckfmnarvoll’eYYGKQSQ-PIZOW(HSNG)
2 [ —— AEn 14
96 Np»gamecnumfoa 27 NBXJMSIQOM(HS\!B)
6 A/Environment/Chongqing/7 2096/2014
AdduckiSichuan/Dd. 27 NEXJ717/2014{H5NG)
96 - Alchicken/Jiangi/4.01NCJDO010-0/2015(HENG)
— L— Nd'll:lenIJlangzufM GINCNP(0E5 2.0 15(H6Ne)

100 NO'I_ . 145093/2016
Afdmckml‘lmgxmﬁﬁwmﬁ

62 — A/Environment/Fujien/28681/2016

64 ‘Alduck/Bangladesh/19D849/2017
A/duck/Bangladesh/18D852/2017

59 Afduck/Bangladesh/19D851/2017

87 Adduck/Bangladesh/18D857/2017

10 Afduck/Bangladesh/19D853/2017
Algoose/Bangladesh/19D855/2017

0.01

= A/goose/Bangladesh/190820/2017
% Alduck/Bangladesh/19D770/2017

EEL Al ungle crowiHyogol2803E024T/2018
Afchicken/KoreaiH233/2018

g
2 Afmandarin duck/KoreaH118-3(2017
100 Alduck/KoreaiH81/2017
Alchicken/Kagawal 1C-1/2018
Afpochard duck/England/AVP 18 003254/2018
AfBirdiNetherlands/17017775.035.03%/2017
94| A/Blackheaded GullNetherlands/ 20/2017

97
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— A/duck/Bangladesh/43527/2020
AfWhooper swan/Xinjiang/13/2020
Afwnooper swan/Xinjiang/11/2020

ggger swan/Xinjiang/8/2020
Afdu angladeshfus 2/2020
A/duck/Bangladesh/44471/2020
Afduck/Bangladesh/44440/2020
Afduck/Bangladesh/d4424/2020
Afduck/Bangladesh/4 3128/2020
Afduck/Bangladesh/43119/2020
Afenvironment/Bangladesh/4 24 10/2020
Afduck/Bangladesh/4 3050/2020
Alduck/Bangladeshvd 31 22/2020
Alduck/Bangladesh/444 17/2021
NduddBangladesW44432l202U
Nduquangladesnf44-453l2020
Alduck/Bangladesh/44484/20,

ooper swanMnyenngQMO
~AfFemuginous duck/Bangladesh/42380/2020
AMWhooper swan/Xinjian 1%/12)320

NduddBangladesw44423/2020
A/duck/Bangladesh/44434/2020

38| AVduck/Bangladesh/44469/2020
A/duck/Bangladesh/d4502/2020
AMute swan/Xinjiang/4/2020

- ANVhooper swan/Xinjiang/7/2020
Afenvironment/Bangladesh/4 24 16/2020
Afduck/Bangladesh/4 3120/2020
Alduck/Bangladesh/43128/2020
Afduck/Bangladesh/44430/2020
Afduck/Bangladesh/44442/2020
Alduck/Bangladesh/44477/2020
Afduck/Bangladesh/44504/2020
Afduck/Bangladesh/44447/2020
- A/duck/Bangladesh/4444 8/2020
1 Afduck/Bangladesh/43082/2020
Afduck/Bangladesh/43123/2020
AJduck/Bangladesh/44418/2020
AfducleengladasW44433l2020
Alduck/Bangladesh/44456/2020
Alduck/Bangladesh/44500/2020
Afduck/Bangladesh/44508/2020
% | - AMvhooper swan/Xinjiang/3/2020
AMute swan/Xinjiang/5/2020
Afduck/Bangladesh/44523/2020
AMWhooper swan/Xinjiang/6/2020
AfNhooper swan/Xinjiang/12/2020
9 L AMVhooper swan/Xinjiang/1/2020
L AfWhooper swan/Xinjiang/2/2020
AJCommeon pomardeangladesh/42386.'2020
€S AMhooper swanMongolia/24/20
70 ' AMhoaper swanMongolia/ 25;’2070

AfE 172870590/2017-11-28
1 'AEnviGuangdong/EN17275405/F SH/2017-10-18
AlJiangsw/32888/2018

&% 99 Almute swanbarakir242T/2018
Afmute swan/lbaraki/24 2T/2016(2)
ASchicken/NhaTrang/NT3/2017
AlchickenMiyagifi-5T/2017
Nhlal:kheanedgulmharakﬂsﬂ‘l‘l?ﬂm
Alchicken/Kumamoto/1-7T/2016
Alcl |:kenlJapanIAQHE144ﬂlJ 15
AJQuaillGuanpa/GX-2/2017 (H5NB)
A/OstrichGuangxi/GX-1/2017 (HSNB)

98

/C182870028/2018-01-15
AJChongqging/00013/2021
AJANhUIF2021-00011/2020

A/Guangdong/185F020/2018-08-30
A/Guangxiy31906/2018
A/Guangxi/32797/2018

g7 - Alduck/Guangdong/03.26 DGCPLBO0T-P/2015(H5NE)
AfChicken/Yunnan/YN-10/2015(H5NG)
AfduckiMWuhan/WHYF03/2015
Afturtledave/Muhan/\VHBJ26/2014

AlrnsjscuvyduckNmmarmLBMi'Sd/:'DM
22 DGCHPQ‘IE:.I?B-OQUI 5(H5NB)

AIGH

AfEnvironment/Chongging/39166/2014
Alﬂu:k/Hunanﬂ? EI'WYGK1 11-P{2013(H5NG)
80 | Afgoose/Hunan/110/2014
NduckiHunaanN 7472015
rmscavylducl«’HunenlMszmd

15

a7 Nﬂucleunanle 17¥YFQHO018-Z-Pf2014(H5NB)
Afchicken/Jiangxi/04 01 NCJIJJUWD—O.‘?I!'I S(HSNG)
A/Environment/Jiangxi/25004/2014
AfenvinonmentJiangxi/02. IUNCDZTUDEIZD'ISEHSNE]

AdchickenkJiang:a/04.01 NCNPODBS-Z-0/201 5(H5NB)
AfEvironmentFujian/28681/2016
AfChicken/Jiangxi/45153/2016
B AJChicken/Jiangxif45093/2016

A/duckHunan/02 26 YYF QHY281-P/2014(H5NE)

AfduckiHunan/12 .17 YYGK040/2014(H5N8)

NducleunanIﬂQ 26YYGK283-P/2014(H5NB)
029972014
41 NEernnmenﬂChnngqlng‘?JﬂQBf?D|4
88 1 - Alpigeon/Sichuan/04.27NBXJ743/2014(H5NE)
33 AfduckiSichuan/04.27 NEXJ717/2014(HSNE)
%o — Afemvinnment/Sichuan/NCLL1/2014
Afmandarin duck/Korea/H119-3/2017
5 M asduckfKoreaM8112017
El Alchicken/Kagawa/1C-1/2018
AfBirdMNetherlands/17017775-035-039/2017
ksl Afpachard duck/England/AVP 18003254/2018
%! AiBlack-heade d GullNetherlands/29/2017

AlchickeniKoreaH23812018
ﬂungla CrowiHyogo/2803A00212018
92 NJung\:cmWHyuguIZBUSEUMTIZU1B

0.02

% 94, asduckPfangladesn/ 18077072
A/gooselBengladeshMQDTSd/QO 17
1, Arduck/Bangladesh/19D851/2017
% 7'Nducleangladeshﬂ9D852!2017
Alduck/Bangladesh/19D853/2017
64 NgoosefEang\adesN190820!2017
Afduck/Bangladesh/19D849/2017
28| | A/duck/Bangladesh/19D857/2017
g72 Algoose/Bangladesh/19D855/2017

Page 11 of 13



Alduck/Bangladesh/44502/2020
Af/duck/Bangladesh/44523/2020
62 | Arduck/Bangladesh/44500/2020
Alduck/Bangladesh/44484/2020
Aflduck/Bangladesh/44477/2020
Alduck/Bangladesh/44471/2020
Aiduck/Bangladesh/d4453/2020
A/duck/Bangladesh/44432/2020
Alduck/Bangladesh/43129/2020
Alduck/Bangladesh/43099/2020
A/duck/Bangladesh/43119/2020
Afduck/Bangladesh/44417/2020
Afduck/Bangladeshi44433/2020
— Alduck/Bangladesh/44447/2020
A/duck/Bangladesh/43082/2020
Afduck/Bangladesh/43128/2020
A/duck/Bangladesh/44430/2020
—AfCommon pochard/Bangladesh/42386/2020
Afduck/Bangladesh/4444 8/2020
19| A/duck/Bangladesh/43050/2020
Alduck/Bangladesh/43127/2020
A/duck/Bangladesh/44424/2020
|- AfFerruginous duddBang\adesWAZSSUl?OEO

A/duck/Bangladesh/44442/2020
NemqronmenUBangladesthtl1012020
Al/duck/Bangladesh/43122/20:

Nduck’BangIadesht’MMSfm
A/duck/Bangladesh/44434/2020
1| A/duck/Bangladesh/44456/2020
Alduck/Bangladesh/43527/2020
Alduck/Bangladesh/44504/2020
Alenvironment/Bangladesh/42416/2020
A/duck/Bangladesh/43123/2020
51 Alduck/Bangladesh/44423/2020
A/duck/Bangladesh/44440/2020
Alduck/Bangladesh/44469/2020
Alduck/BangIadesthSOBl?t]m
Alduck/Bangladesh/44522/.
7A/duwaangladesh/43120/2020
— _|Armooper swanMongolia/24/2020
Vhooper swanMongolia/25/2020
N\M‘looper swan/Xinjiang/3/2020
AMvhooper swan/Xinjiang/1/2020
AMVhooper swan/Xinjiang/2/2020
U | AMute swan/Xinjiang/4/2020
63| |AMute swan/Xinjiang/5/2020
AMVhooper swan/Xinjiang/6/2020
ANVhooper swan/Xinjiang/7/2020

w

99

64 | AMVhooper swan/Xinjiang/8/2020
AfNVhooper swan/Xinjiang/3/2020
Amhooper swaniXinjiang/10/2020
AMvhooper swan/Xinjiang/11/2020
AMNVhooper swan/Xinjiang/12/2020
Amvnooper swan/Xinjiang/13/2020

Addiangsu/3 28882018

64, A/Chongging/00013/2021
A/ANhuIF2021-00011/2020
! AfChicken/Suzhou/j1/2018

A/Env/Guangdong/zhongshan/C172870580/2017-11-28
A/EnviGuangdong/Foshan/C182750024/2018-01-09

5?]7 AIGUangxi/32797/2018
20 _|ENGuangdongHSSFOQG&DI8709730
A/Guangxif31906/2018

87 AfquailVietnam/CVVvI-03/2015

7z Alguail/Vieman/CVVI-01/2015
leckenlNhaTrang‘NTafzm 7
1; Afmute swan/lbarakif242T/2018
Afmute swanfbaraki/242T/2016(2)

77 AlchickenMiyagif-5T/2017

A namoto/1-7T/2016
Afblackheaded gull/ibaraki/258T/2016
AlGuangxil55726/2016
3 ' Afchicken/Japan/AQ-HE 144/2015
62 |AfgooseHunan/110/2014
Afmuscovy/duckiHunan/148/2014
AfduckHunani12 17YY5FQH[!DIB—Z Pi2014(H5NG)

73

AfEnvironment/Hubei/38005/2014
Afturtledove/Wuhan/WHBJ 2612014
Afduck/Guangdong/03.26 DG CP078-0/20 15(HENG)
AfduckiGuangdong/03 26 DGCPLBO0T-P/2015(HENE)
ﬁmuscuwduddViemaniLBMTSd/?ﬂM
85 AlOstrichiGuangxifGX-1/2017 (H5NG)
AJ/Environment/Guangxi4438%/2015
AEnvironment/Chongging/89166/2014
'—AIQualllﬁuangnIGX -2/2017 (H5NE)
zhong: 182870028/2018-01-15
Afgoose/Guangdong/04. 22 DGCP117- Of2015(H5NEB)
Alducleunanl‘!? 07YYGK111-Pf2013(H5NG)
i 75-11/201
ENSHWE\IEIJN ingxia/475-11/2015

10 AEnvironment/Chongqing/45373/2016
——— A/Chicken/funnan/YN-10/2015 (H5NB)
1 A/Environment/Chongqing/72096/2014
22 AfuucwHunanm,zaWFOHV!QLMOM(HSNB)

99 1— Afduck/Hunan/12.17 Y'Y GK040/2014(HENE)
41 NduwHunanﬂzg.ZBYYGKZBE-FDUM(HSNE)

38| | Afenvironment/Sichuan/NCLL1/2014
46 Afduck/Sichuan/04 .27 NBXJT717/2014(H5NB)
3 | Afpi geunlSr\:huanm 2TNBXJT43/2014(HENG)
Almandarmduck!KnmaIm 19-3/201
Ajchicken/Kagawa/1C-1/2018
AfduckiKoreaHB1/2017
Afpochard duck/England/AVP 18003254/2018
7 A/Bird/MNetherlands/17017775-035-039/2017
A/Black-headed GuliNetherlands/28/2017

1%

lungle crowHyogo/2803A002/2018
4| AfJungle crowHyogo/2803E024T/2018
99 | Afchicken/Korea/H238/2018
AfduckBangladesh/19D0853/2017
Afduck/Bangladesh/19D857/2017
97 Ly Afduck/Bangladesh/180770/2017
49 | Aflgoose/Bangladesh/19D764/2017
AJgoose/Bangladesh/19D855/2017
A/goose/Bangladesh/190820/2017
Afduck/Bangladesh/19D851/2017
15U Arduck/Bangladesh/19D849/2017
44 | A/duck/Bangladesh/19D852/2017

J-59 AlChicken/Jiangxii45153/2016

99

0.01

A/ChickenfJiangxi/45093/2016
52 Afchicken/Jiangxi/04 .01 NCJDDO 10-O/2015(H5NG)
Alchicken/Jiangxi/04.01 NCNPODB5-Z-0/201 5(HSNE)
86 | AFErviranment/Jiangxif25004/2014
Afenvironmentiliang:d/02 10NCDZT008/2015(H5NG)
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Afduck/Bangladesh/44502/2020
A/duck/Bangladesh/44523/2020
Aiduck/Bangladesh/44484/2020
Aiduck/Bangladesh/44477/2020
Asduck/Bangladesh/44471/2020
Aiduck/Bangladesh/44469/2020
Alduck/Bangladesh/44456/2020
2 |A/duck/Bangladesh/44453/2020
— Asduck/Bangladesh/44447/2020
A/duck/Bangladesh/44440/2020
Asduck/Bangladesh/44433/2020
Aiduck/Bangladesh/44430/2020
Asduck/Bangladesh/44424/2020
Alduck/Bangladesh/44423/2020
Afduck/Bangladesh/444158/2020
Afduck/Bangladesh/44417/2020
Alduck/Bangladesh/44522/2020
A/Common pochard/Bangladesh/42386/2020
A/duck/Bangladesh/43050/2020
Al/duck/Bangladesh/43082/2020
Alduck/Bangladesh/43099/2020
Alduck/Bangladesh/43122/2020
[— A/environment/Bangladesh/4 24 10/2020
A/duck/Bangladesh/43129/2020
Alduck/Bangladesh/43120/2020
|- Asduck/Bangladesh/43119/2020
A/duck/Bangladesh/43128/2020
A/duck/Bangladesh/43127/2020
A/duck/Bangladesh/44504/2020
A/duck/Bangladesh/44508/2020
A/duck/Bangladesh/43123/2020
A/duck/Bangladesh/44448/2020
AfFermuginous duck/Bangladesh/42380/2020
Afduck/Bangladesh/43527/2020
AMVhooper swan/Xinjiang/1/2020
AmVhooper swan/Xinjiang/2/2020
AMute swan/Xinjiang/4/2020
Amute swan/Xinjiang/5/2020
93 |AMVhooper swan/Xinjiang/6/2020
AfVhooper swan/Xinjiang/7/2020
AMVhooper swan/Xinjiang/8/2020
AMvhooper swan/Xinjiang/9/2020
15 AMVhooper swan/Xinjiang/10/2020
AMVhooper swan/Xinjiang/11/2020
AmVhooper swan/Xinjiang/12/2020
AMVhooper swaanmnangMEﬂZB?O
— A/WWhooper swan Xinjiang/3/2020
88/201

@

1%

5!

b

AEnv/Guangdong/EN17275405/FSH/2017-10-18
AEnv/Guangdongizhongshan/C172870590/2017-11-28
AfChicken/Suzhow[1/2019

Alchicken/ Japan/AQ-HE144/2015
93 , AlduckGuangdong/03 26 DGCP078-0/2015(HSN6)
AlduckiGuangdong/03 26 DGCPLBO07-P2015(HENG)

3g | Afmute swan/Ibaraki/242T/2016
49 (1 A/mute swan/Ibaraki/242T/2016(2)
Alblackheaded guilllbaraki/258T/2016
Alchicken/Kumamota/1-7T/2016
Afchicken/Miyagi1-5T/2017
AEnvIGuangdong/zhongshan/C182870028/2018-01-15
AlgooselGuangdong/04.22DG CP117-0/2015(HSNG)
Afchicken/MhaTrang/NTX 2017
Alquail/Vietnam/CV\1-03/2015
7! AquailVietnam/CVVI-01/2015
Athuscoy duckiVictnam/LEMT54/2014
A/Chicken/Yunnan/¥ N-10/2015 (H5NE)
ASGuangxif55726/2016
100 — AQualliGuangxifGX- 212017 (H5NB)

L AfOstrich/Guangri/GX-1/2017 (HSNG)
AfShoveller/Ningxiafd75-11/2015
AEnvironment/Chonaaing/45373/2015
A/Environment/Chongqing/98166/2014
AlturtiedoveMuhan WHBJ26/2014
AEnvironment/Hubei/ 380052014

AfduckuhanMHYF03/2015
AlduckHunan/12.07 YYGK111-P/2013(HENB)
64 A/Environment/Guangxii44389/2015
AfduckiHunan/12 17 Y'YFQHO018-Z- P20 14(HSNE)
59 AlduckHunan/HN74/2015

Afgoose/Hunan/110/2014
Aimuscovy/duck/Hunan/ 1482014
AEmIonment/Guangdong/00239/2014
65 Alenvironment/Sichuan/NCLL 172014

Afpigeon/Sichuan/04.27 NEXJT4Y2014{HSNE)
AfduckSichuan/04 27 NBXJ717/2014(HSNG)
AEnvironment/Chongain /7 209612014
AfduckfHunan/02. 26 Y'Y GK289-P/2014(H5NE)
L Alduck/Hunan/02 26 YFQHY 201-P2014(HENE)

Alduck/Hunan/12.17 YYGK040/2014(H5NG)
o7y Almendarin duckiKorea 11942017
AlduckiKorealH81/2017
99 | T archicken/Kagawal1C-1/2018
Afpochard duck/Endand/AVP 18 003254/2018
60 NBumNemeHandsﬂTm77751135.03912017
lack-headed GulliNetherlands/29/2017

Ndnd(eﬂlKorsdHiB&l?D 8

il_ jungle crow/Hy0go/2803A002/2018

Aldungle crowfHy0go/2803E024T/2018
Adduck/Bangladesh/19D770/2017
AJgoose/Bangladesh/19D764/2017
\igoose/Bengladesh/19D820/2017
A/duckiBangladesh/19D851/2017
Afduck/Bangladeshf19D849/2017
67 | Arduck/Bangladesh/19D852/2017
1 k/Bangladesh/19D8! ‘DIT
Bangladesh/19D8:
9rBar‘"IadeShr‘\9D85af231?

5
D

= AChicken/ Jangxi/45093/2016

A/Chicken/Jiangxii45153/2016
Alchicken/Jiangxi/04 01 NCJDO010-0/20 15(HSNB)
100 Archicken/iangxif04 01 NCNPOOBS-Z- 04 2015(HSN6)
0.01 43 AEnvironment/Jiangxif25004/2014
g7 | Alenvironment/.angxif02.10 NCDZT00%2015(HSNE)

Appendix Figure (following pages). Phylogenetic trees of the A) PB2, B) PB1, C) PA, D) NP, E) NA, F)
M and G) NS genes. Phylogenetic analysis was done using the neighbor-joining algorithm with the
Kimura 2-parameter model. The reliability of phylogenetic inference at each branch node was estimated
by the bootstrap method with 1,000 replications; evolutionary analyses were conducted in MEGA 7 (5).
HPAI A(H5NG6) viruses isolates in this study are marked in red; viruses from Xinjiang, China are marked in

blue; viruses from Mongolia are marked in lime; previous H5NG6 viruses from Bangladesh are marked in
green.
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